Introduction
Consider this analogy between a furniture store and an information system. As you enter a furniture store, the first things you see are nicely and logically arranged clusters of furniture. Each arrangement has its own particular scheme meant to communicate a particular message to customers.
The storefront of the business is only one part of the overall operation. A furniture store must handle many business processes not apparent to customers. In most stores, the warehouse is in the back of the facility and is often not visible. The table below lists some common characteristic between a furniture store and an information system. Notice how each function requires one or more components to accomplish the requirements of the function. The message in this analogy is that for practical reasons, everything is not done in one place in either the furniture business or in the education information business. Despite what purveyors of a comprehensive data warehouse solution may want to us to accept, the Supplier/Corporate/Data Warehouse is not always the most appropriate or efficient location to be manipulating raw data, creating derived statistics, or providing high-level reports to general audiences.
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Introduction continued
This does not minimize the importance of a data warehouse, but it puts the data warehouse back into the context of being only one of the components that make up a comprehensive information system.
Beware of putting too much into your data warehouse. The goal of the data warehouse is to support quick summary and analysis of critical interest, not to store anything and everything in one place.
First-generation student information systems in the 70's scheduled classes, took attendance, reported grades, and were turned off at night. Now schools want special education IEPs, diagnostic assessments linked to lessons plans that are aligned with the state academic standards, discipline incidents differentiated by victims and perpetrators, transportation routes, lunch status, immunization status, special program eligibility status, and Mom's cell phone number in case she's not reading her instant messages. Oh, yes, and overnight updating of district data files for daily reporting.
That seems to be the path data warehouses are on today. They began as a simple concept -consolidate important organizational data into one place. Now the data warehouse is envisioned as holding all data and meeting all demands for access to those data. That is just not practical in most education agencies. To get fast data entry required indexing strategies, table tuning, and programming focused on quick location and retrieval of single records by known key data. When these same systems were queried by looser filters (e.g. all records with birth dates after a specified date) they crawled. And all the transaction activities also crawled as CPU time and disk energy was tied up in the open query.
This resulted in the move to extracting data from the operational transaction system to a separate database to be used for analysis. The analytical requests would then not impact the core business function (making airline reservations, for example).
When analysts develop a query and run it, this often leads to more questions than answers. (Why are assessment results in school A lower than school B?) Consequently, these analysts will want to rerun the query, but with more detail, maybe get School A and B assessment results by gender.
If these queries are run against the operational system, the number of students in each school may be different between the two queries. This isn't good, so the data base supporting analysis must be stable over time. This implies the analysis system is NEVER current and that the queries ALWAYS filter on time.
Most organizations have multiple applications supporting their various core business functions. Each application is built and tuned to handle its particular set of business requirements. Our analysis system however can combine the extracts from these various applications into a single system. Analysis implies comparison. The comparison can be among entities, among sub groups, or across time. If the comparison is to be "apples to apples" from the various applications, then the data in the system must have consistent data formats, coding, and extract timing. One application may store gender as M or F while another may use 1 and 2. These need to be transformed into a consistent set as the data are loaded into the analysis system.
Business analysis also tends to be around a particular subject, not an operational function. We care about students and their performance, not about the registration Copyright © 2006 ESP Solutions Group 5 or attendance process. Operational systems support the processes; analytical systems study the results across processes.
If we are going to build an analytical system separate from our transactional database applications, and the analytical system has different goals and requirements, then we can rethink and redesign many of the indexing, tuning and other strategies that went into those data base systems.
Thus the Data Warehouse concept was born. The term was coined by Bill Inmon in 1990. He defined a data warehouse as:
"A subject-oriented, integrated, time-variant, and non-volatile collection of data in support of management's decision making process."
He defined the terms in the sentence as follows: • Subject Oriented: Data that gives information about a particular subject instead of about a company's ongoing operations.
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• Integrated: Data that is gathered into the data warehouse from a variety of sources and merged into a coherent whole.
• Time-variant: All data in the data warehouse is identified with a particular time period.
• Non-volatile: Data is stable in a data warehouse. More data is added but data is never removed. This enables management to gain a consistent picture of the business.
Richard Kimball took Inmon's work and extended it in his 1996 book, The Data Warehouse Toolkit. In it, he identified six goals:
1)
The data warehouse provides access to organizational data.
2) The data warehouse is consistent.
3) The data in the data warehouse can be separated and combined by means of every possible measure in the business (Slice and Dice).
4)
A data warehouse is not just the data, but also a set of tools to query, analyze, and present information.
5)
The data warehouse is the place where we publish data.
6) The quality of the data in the data warehouse is a driver of business reengineering.
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In number 4, Kimball includes the tools to look at and analyze the data as part ofMost organizations have multiple applications supporting their various core business functions. These various functions and processes also have supporting data stores.
There are many different ways to talk about storing data. This white paper will not delve into the details of schema types, relational vs. XML vs. OLAP issues, and other database specific issues. Rather, this paper will take a functional look at the types of data stores that an educational enterprise will need and what is noteworthy about each type. 
Application/Temporary Data Store
When an education agency automates a data collection, it may build an application which may need temporary storage. It is this temporary application data store that holds a user's interim work before the collection is finished and the data are submitted. The application uses the Temporary Data Store (TDS) to manage certification of data, run preliminary checks on the data and in preparation to send the data onward. The data is only housed so long as needed to move the data to an operational data store, thus there is usually no permanence and no record though this can change from application to application. The structure of a TDS is defined by optimizing access speed in moving the data back and forth.
Collection Processing Data Store
The agency processes the data in the collection processing data store. The collection processing data store contains the current data from a particular collection or source. It is interactive and dynamic and is not a storage bin where data is stored for the long term. Data is frequently created, updated, and deleted. It is usually granular data -or at least at the same level as the data that was collected.
Although there are exceptions, there is usually one operational data store per collection. How long data is maintained in the Collection Processing Data Store is governed by the business needs of the application it is serving and the system as a whole. When the data from all the respondents is in, cleaned, and final, then the data should be loaded to the Operational Data Store, the Reporting Data Store, the Data Warehouse, and the Archive Data Store.
Because certain collections; the October 1 st collection, the End of Year collection, ADA/ADM can have strong financial and accountability implications, these data stores are sometimes kept active for months and even years after the collection window is closed. Once the data is considered "final" then often the whole collection will be archived so that the question: "What was the 'official' accepted October 1 st report in 2006?" can be answered.
Operational Data Store
An operational data store contains current data. It is interactive and dynamic but is usually the source of this year's current data. Data is frequently created, updated, and deleted. It is usually granular data, or at least at the same level as the data that was collected.
Changes are recorded in the Audit Data Store along with the time and the source of the change (direct user change, update from a source collection, etc.)
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There is some reporting done from an Operational Data Store but it is usually focused on either the current state of the data (How many kids are enrolled in Shady Hill School this fall?) or data collection activity itself (When did the LEA submit the report? How many error messages were there?).
Reporting Data Store
A reporting data store is the set of tables optimized for queries, retrieval or building particular graphical representations of the data. The Reporting Data Store is solely optimized for data visualization and indexed for the highest speed of retrieval of the most critical and prioritized data. Like a Data Warehouse, data in the Reporting Data Store is time stamped and contains significant history. A particular Reporting Data Store may be focused on one or selected areas of analysis or reporting based either on business unit or by a particular need (publishing standard test scores, for instance). There usually is a user-friendly front end to the Reporting Data Store -possibly integrated with Decision Support tools. In most cases, the questions to be analyzed or the reports to be generated are known. Data in the Reporting Data Store are organized to support those needs.
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These types of data stores are functional descriptions. In reality the lines, as with everything, get blurry and hard to make out. Sometimes an Operational Data Store has some longitudinal data from multiple sources and sometimes a Decision Support tools are built on top of an Operational Data Store. Each of these data storage functions though have a different set of needs and requirements and it is worth it for an education agency to work out what its requirements are and which of these storage types best suit those needs.
Data Warehouse
Agencies build Data Warehouses to support their analysis and ad hoc query needs. Data are selected for inclusion based on how well they can be analyzed or contribute to analysis. As such, one cannot buy a data warehouse. The data sources and particular topics of potential interest are unique to each agency and therefore, the tables to be loaded are unique to each situation. A data warehouse vendor may have models that have been successful in the past, but the final designs are all local.
Data from multiple sources, programs, and agencies are combined. Like the Reporting Data Store, data in the Data Warehouse are historical and time stamped. Significant amounts of energy go into coordinating and making the data consistent and complete. It is critical that agency staff NOT underestimate the amount of data cleaning that will be necessary to integrate the data in the system when it has not been compared before. It always surprises agency personnel how much data cleansing is necessary.
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Each Data Warehouse should have a data dictionary that all elements conform to. Since the point of data mining is to look at data in new ways, to combine data from disparate systems, a critical component is a complete data dictionary that describes exactly what data are collected, the time period covered, the population about which the data were collected, and any other information an analyst might need. For the analysis to be an appropriate one, the analyst must have this information.
Archive Data Store
This is often not a separate store but is functionally decomposed here because it has very different requirements than the other data stores. It is not necessarily designed for high-speed access as much as it is designed to maintain a strict ability to store change data accurately. It is more important that it can absorb data quickly than it is that it releases data quickly.
